Pulsed eddy current (PEC) induced thermography is a new inspection technique which allows the user to capture the eddy current distribution in a component or structure using infrared imaging. PEC thermography is an emerging integrative nondestructive approach for the detection and characterization of surface and subsurface cracks. In this paper, heating behaviors of surface and subsurface cracks, excited by pulsed eddy current, are examined using numerical simulation. The varied models with edge , sub-surface and different angle shape cracks are built, which give the temperature distribution graphic pattern of different defects formed by eddy current, and defect identification is achieved according to the patterns. Some experiment results are given for comparison.
2.Simulation modeling of cracks

Simulation modeling of edge cracks
The edge crack is easily formed since stress is concentrated on the edge. Usually, it is hard to detect and extract edge crack. The simulation and calculation follow show the advantages of induction-activated thermograph in detection of edge crack with fast, intuitional and non-contact.
The edge crack model is built by the Electro-Thermal Heating of the AC/DC module in COMSOL.
An iron sample size of 20mm×20mm×5 mm with a rectangular crack size of 0.1mm×6mm is modeled.
The depth of the edge crack is 1, 2, 3……8mm respectively. The material properties are listed in Table. 1. The circular energized coil is 5mm in radial with 50mm in external diameter and 40mm in inner diameter. As shown in figure 1 ,under the condition of coil current is 350A, in excitation frequency is 256kHz and excitation time is 200ms , a temperature distribution pattern is shown in Fig.1(a) . The image shown in Fig.2(b) is the simulation result based on the subsurface crack model which is 0.2mm width and 0.1mm far from the surface. We can see heat generated at he top of the crack and temperature is higher in the center and gradually reduced around.
3.Simulation and analysis of the crack in different forms
Simulation and analysis of inclined crack
Frequently varied cracks , both vertical cracks and inclined cracks, are appeared in the test piece.
The inclined crack model under the electromagnetic induction is simulated and identification of the cracks is studied. Inclined crack models of surface and subsurface are examined as shown below .Three groups of surface cracks and three groups of subsurface cracks which are 0.1mm under the surface of the test piece, with varied inclination angles α（30°，45°，60°） and varied widths w（0.1，0.2，0.4mm）are
examined. The simulation result is as shown in Table.3 and Table 4 . 
Table3. Simulation results of the inclined cracks
Simulation and analysis of more complex cracks
One or several cracks may arise during the production. To detect and distinguish complex cracks through eddy-induced thermography, several models of crisscross crack, T-end crack, cross crack are built. Table 5 gives the stimulation results.
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Fig.4 Simulation results of T-end crack
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As shown in the Fig.4 , the eddy current density and temperature variation reached to its maximum at the tip of the crack (the bottom of T) in the surface edge model. As the width increases, the temperature distribution and the current density of the tip and edge of the crack becomes equal. As shown in the results of the subsurface cracks, the temperature variation reached to its maximum right above the crack.
The triangle temperature area of the internal defect is irregularly shaped.
The image shown in Fig.5 
4.Analysis and identification of crack defects by experiment
Experiment is made on metal test specimen with surface cracks. The temperature distribution images of vertical cracks and inclined cracks are different under induction excitation. By graphic pattern comparing analysis of the different vertical cracks and inclined cracks, the identification of different cracks is realized in this paper.
For comparison, Fig.6 show the experimental results of vertical crack and inclined crack respectively.
The crack depth is 8mm and width is 0.3mm. The inclination edge is 45°.
vertical inclined
Fig.6 infrared thermal image of the vertical and inclined crack
An obvious temperature rising can be seen at the acute angle of the inclined crack test piece contrast to the other side, while the temperature rising is concentrated in the crack. Two models which are respectively has a 30°and 60°angle between the crack and the normal are shown in Fig.7 to make contrast on simulation and experiment.
30°60°F ig.7 Simulation result of inclined crack
The simulation results conform to the experimental results. The temperature variation area is bigger at the acute angle. And at the same size of inclined cracks, the temperature variation increases as the normal angle increases. Experimental result of varied depth h(2,4,8mm) cracks are show in Fig.8 . For the same inclined edge(45°) the temperature variation area increases with decreasing of edge depth . for inclined crack, the temperature rising area appears in a small zone on the edge of the crack.
The range of temperature variation at inclined cracks is larger than the vertical cracks. And the temperature rising area and the temperature variation increases with the increases of the inclination angle.
Conclusion
According 
